Background Wide variation exists in reported prevalence estimates and management standards of developmental dysplasia of the hip (DDH). Discrepancies in diagnosticians' opinions may explain some of this variation. Questions/purposes We sought to determine (1) the consistency with which pediatric orthopaedic surgeons rate the importance of diagnostic criteria for DDH, and (2) whether there were geographic differences in how the diagnostic criteria were rated by surgeons. Methods One hundred ninety-seven of 220 members of the European Paediatric Orthopaedic Society and 100 of 148 members of the British Society of Children's Orthopaedic Surgery treating children with DDH participated in this cross-sectional study across 35 countries (15 regions). Each rated 37 items in four domains that specialists previously had identified as the most important features associated with DDH in early infancy. We determined consistency using the intraclass correlation coefficient (ICC; two-way random-effects model) interpreted as poor (0-0.40), acceptable (0.41-0.74), or good (C 0.75). Results Poor consistency among surgeons was found in rating the 37 diagnostic criteria (ICC, 0.33; 95% CI, 0.24-0.45). Consistency was poor for three domains (patient characteristics/history: ICC, 0.29; 95% CI, 0.16-0.58; ultrasound: ICC, 0.26; 95% CI, 0.14-0.52; radiography: ICC, 0.34; 95% CI, 0.12-0.95) and acceptable for one (clinical examination: ICC, 0.50; 95% CI, 0.33-0.73). Surgeons in particular regions appeared to have a concept of DDH diagnosis that distinguished them from specialists of other regions; consistency in eight regions was greater (ICC C 0.40) than consistency among all 15 regions. Conclusions The consistency of specialists in rating diagnostic criteria for DDH was lower than expected, and there was considerable geographic variation in terms of how specialists assigned importance ratings of the diagnostic criteria; these findings are somewhat counterintuitive, given the frequency with which this condition is diagnosed. These inconsistencies could explain, partly, the widely differing prevalence estimates and management standards of DDH.
Introduction
The diagnosis of developmental dysplasia of the hip (DDH) in early infancy remains controversial [25, 32] , especially because abnormal clinical and ultrasonic findings can resolve spontaneously in this age group [12, 28] . Clinicians disagree about the importance of diagnostic findings obtained from physical examination and diagnostic imaging, and about the importance of potential risk factors [21] . The institution of one or more of the authors (AR) has received, during the study period, funding from Bupa Foundation and Great Ormond Street Hospital Children's Charity. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research editors and board members are on file with the publication and can be viewed on request. Each author certifies that his or her institution approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained.
Prevalence estimates for DDH in this age group range from two to 28 per 1000 when applying criteria obtained from a physical examination and 40 to 60 per 1000 [15, 18, 26, 29] when using ultrasonographic criteria. The wide range in prevalence estimates could be attributed to intrinsic differences in the populations studied or, perhaps more likely, to the way the diagnosis is made.
Diagnostic practices for DDH in early infancy differ among countries [5, 32] . For example, the UK screening guidelines for DDH include clinical criteria and recommend use of ultrasonography only for a selected group, but in other countries the diagnosis is based solely on ultrasonographic criteria [30] . To the best of our knowledge, no studies regarding variability in diagnostic practices for DDH have been published. We theorized that inconsistencies in diagnostic practices among pediatric orthopaedic surgeons exist for DDH and that these inconsistencies could largely explain the wide variation in prevalence estimates and could be linked to widely differing standards in the management of DDH. Variability in physician opinion has been identified as a major factor affecting quality of care [8, 11, 19] , usually for the worse [8] . The aims of this study were to (1) quantify the consistency with which pediatric orthopaedic surgeons of different geographic regions rate the importance of diagnostic criteria of DDH in early infancy, and (2) describe variations in consistency among surgeons based on geographic regions.
Materials and Methods
The study was approved by the institutional review board, the European Paediatric Orthopaedic Society (EPOS), and the British Society of Children's Orthopaedic Surgery (BSCOS). It was part of a larger-scale research project with the aim to establish a novel diagnostic index for DDH. In previous research [23] , we compiled 37 criteria that were considered the most important features associated with DDH in infants not older than 8 weeks by conducting a survey of all members of EPOS and BSCOS, key informant interviews, and a literature review. EPOS is one of the two largest learned societies for pediatric orthopaedics, with members from more than 30 countries. The 37 criteria were grouped into four domains: patient characteristics/history, clinical examination, ultrasonography, and radiography (Table 1) .
We surveyed all members of EPOS and BSCOS who treat patients with DDH using the tailored design method [7] . Of 261 members of EPOS who were contacted, 41 surgeons did not treat DDH, had retired, or were deceased, leaving 220 eligible participants. Of these, 197 (90%) responded and 156 (71%) returned fully completed questionnaires. The response rate for members of BSCOS was 68% (100 of 148).
We asked participants to rate each of the 37 criteria for their relative importance in the diagnosis of DDH in infants not older than 8 weeks. For the purpose of this study, we defined DDH as a condition that warrants either treatment or followup with an orthopaedic surgeon. Respondents rated the 37 criteria on a 10-cm VAS with the anchors ''completely unimportant'' and ''extremely important.'' They were asked to consider all the listed criteria regardless of other abnormalities and to rate each criterion as if it was the only finding occurring in one patient. We recognized this approach does not reflect clinical practice and could affect the ratings in that some criteria could be rated too high and others too low. However, we assumed, because each criterion was rated in isolation, the relative importance rating would be stable [14] . We chose this approach because our study was not designed to determine how surgeons make clinical decisions regarding the diagnosis of DDH but to quantify the degree of consistency in assigning importance to a set of 37 predefined items. By contrast, in a holistic approach two or more factors are assessed simultaneously and in all possible combinations. While this approach is closer to the clinical setting, for the purpose of this study, an explicated approach was more appropriate because we were solely interested in the consistency of surgeon-based VAS ratings. A sample size of 37 items with 156 raters for each item achieves 81% power to detect an intraclass correlation coefficient (ICC) of 0.80 under the alternative hypothesis when the ICC under the null hypothesis is 0.69 using an F-test with a significance level of 0.05 [31] .
We used three methods to analyze the data [13] : (1) a ratio scale measurement of the perceived value on the VAS provided a continuous outcome; (2) the continuous outcome was converted to an ordinal outcome (by rounding the 10-cm VAS scale to round numbers) with the aim to place less weight on the precise position on the VAS; and (3) a binary outcome was created by determining whether each criterion was in a respondent's top 10 most important criteria. This third measure was calculated against the possibility that low interrater agreement was more a function of disagreement on the least important items than on disagreement regarding which items were more important [13] . For each scoring method, we calculated the ICC for all 37 criteria as a whole and for each domain. We defined 15 regions based on geography, common heritage, and feasibility and calculated an ICC for each region to study variations by area. ICC is used to assess agreement of quantitative measurements in the sense of consistency. The concept of consistency is defined as the agreement of two quantitative measurements in settings where neither one is assumed correct [10] . The participating surgeons were multiple raters of the criteria, and because all items were evaluated by all raters, we used the Case 2 model according to Shrout and Fleiss [27] . The ICC provides a measure of the extent to which any single rater identified at random would compare with any other randomly selected single rater. The ICC therefore is a measure of the extent to which individual participants would agree on one criterion. The dependence of the ICC on the variance of the population illustrates that a calculated ICC has no absolute meaning [27] . Naturally, the interpretation of the ICC is somewhat arbitrary and depends on the context. A general and widely accepted guide for its interpretation in health research recommends the following thresholds: 0 to 0.4, poor consistency or large variation in opinion; 0.41 to 0.74, acceptable consistency; and 0.75 or more, good consistency [22] . Some authors believe lower coefficients are acceptable in the context of research [10, 13] , whereas coefficients for judgments on individual patients should reach values of 0.70 to 0.80 [2] . The mean VAS scores of regions were tested for equal variances using the Bartlett test [1] . We compared ICC estimates of regions with use of their 95% CIs, whereas overlapping intervals are considered nonsignificant. To compare the relevance of ultrasonography and clinical examination in the diagnosis of DDH by region, we calculated for each region the difference in ICC estimates of the domains ultrasonography and clinical examination. We calculated Cronbach's a as a measure of stability of the data. A high Cronbach's a in this context suggests another sample of surgeons selected in the same way from the same population would give similar results [6] . The primary analysis was based on the data obtained from members of EPOS, whereas the data obtained from members of BSCOS were analyzed separately for validation purposes. Our assumption was, if Cronbach's a was high in the EPOS sample, then ICC estimates obtained in the BSCOS sample should be similar.
Results
There was poor consistency among the respondents in rating the 37 items. The ICC for all 37 items was 0.33 (95% CI, 0.24-0.45). Items under the clinical examination domain gave an ICC of 0.50 (0.33-0.73). For the domain patient characteristics/history the ICC was 0.29 (0.16-0.58). For the domain ultrasonography it was 0.26 (0.14-0.52) and it was 0.34 (0.12-0.95) for the domain radiography. The ICC decreased in the binary rating scale with coefficients less than 0.20 ( Table 2 ). The high variability in VAS scores assigned to each item was evident ( Fig. 1 ). In particular, for items 2, 3, 6, 13, and 20 extreme outliers were observed. A range of ICC values was observed in the geographic regions studied (Fig. 2 ). The differences in ICC estimates among the 15 regions were as much as 0.30 (Fig. 3) ; however, the variances in raw VAS scores among the regions did not differ significantly (p = 0.48) and the CIs of regional ICCs overlapped with one exception (Fig. 3) . In seven regions (46%), consistency in rating the 37 criteria was acceptable with an ICC of 0.40 or greater.
Surgeons of the same region were most consistent regarding clinical examination criteria (Table 3 ). Differences in ICC estimates greater than 0.20 were found between ratings of clinical examination criteria and ultrasonic criteria in eight regions (53%) ( Table 4 ). In contrast, in five regions (33%), surgeons in each individual region rated clinical criteria and ultrasonic criteria consistently with differences in ICC less than 0.10. The regions with the least discrepancy in opinion regarding ultrasonography and clinical examination criteria (ICC differences \ 0.10) and with an acceptable overall agreement in those domains (ICC [ 0.40) were Spain, Portugal, and Turkey. A high variation within regions was found for the domain patient characteristics/history, with 90% of the regions showing an ICC less than 0.40. Similar results were found for the domain radiography, with an ICC less than 0.40 in 12 regions (80%).
The 37 items investigated here showed good internal consistency. Cronbach's a for all 37 criteria was 0.88, indicating another group of surgeons from the same population would report similar results. Cronbach's a was 0.77 for the domain clinical examination, 0.84 for the domain ultrasonography, 0.86 for the domain patient characteristics/history, and 0.75 for the domain radiography.
Similar consistency estimates were seen among members of BSCOS. For the BSCOS-wide survey, the ICCs were 0.39 (95% CI, 0.29-0.52) for all 37 criteria, 0.52 (95% CI, 0.35-0.75) for the domain clinical examination, 0.25 (95% CI, 0.14-0.52) for the domain ultrasonography, 0.39 (95% CI, 0.23-0.69) for the domain patient characteristics/history, and 0.37 (95% CI, 0.10-0.95) for the domain radiography.
Discussion
While it is known there is a difference in opinion regarding the management of DDH in early infancy based on geography, to our knowledge surgeons' views on the importance of criteria used for the diagnosis of DDH have not been published before. Consistency in the diagnosis of DDH is important to ensure appropriate treatment and to reduce variations in standards of care. In this study, we determined the consistency with which pediatric orthopaedic surgeons rated the importance of diagnostic criteria for DDH in infants not older than 8 weeks. Our study has important implications for clinicians in that the established consistency estimates enable them to quantify the uncertainty associated with a set of diagnostic criteria for DDH. Consistency was considerably lower than expected, considering the frequency with which DDH is diagnosed by the participants. We suggest the low consistency estimates mean specialist surgeons do not have the same concept of what constitutes DDH in young infancy [25] .
A potential limitation of this study is that it relied on opinions expressed in a survey. However, surveys are an effective means of evaluating physicians' attitudes [20] and physicians do act as they indicate in surveys [9] . Strong concordance has been shown between the ratings of paper patients and actual patients [3] . We thus suggest our results provide an acceptable indicator of actual diagnostic practices of the participants in that the importance, and perhaps the use, of diagnostic criteria for DDH differ substantially. Owing to the limited number of participants from some of the countries studied, we were unable to derive consistency statistics for every single country and defined 15 regions. In rating the 37 criteria, we chose an explicated approach where each criterion was rated in isolation. However, in clinical practice, patients usually present with more than one diagnostic feature and these can occur in several different combinations. Since we did not aim to determine how surgeons make the diagnosis of DDH, an explicated approach seemed more appropriate for this research. In brief, participants of a survey provide their evaluations component by component and the inferences about the whole product (in this study, the consistency of the 37 items) are made from these single evaluations. Explicated methods have been used in health research in the assessment of aspects of respondents' preferences and are particularly appropriate for assessing many attributes, such as 37 different diagnostic criteria [4] . The 37 criteria used in this study were stated the most important in the diagnosis of DDH by an international consensus [23] . Therefore, specialist surgeons should be fairly consistent in rating the importance of each, regardless of context information. In studying reliability, it is perfectly legitimate that researchers determine the impact of different factors in isolation [16] . For such settings, it is essential that all raters independently complete the evaluations in similar test settings [16] , which was done in the current study. It is possible that adding context information would have resulted in better consistency estimates but this remains speculative. Determining how pediatric orthopaedic surgeons make the diagnosis of DDH using these 37 criteria warrants a holistic approach, whereby several diagnostic factors are assessed together as they can occur in a patient; we are currently conducting such research. This study showed generally poor consistency among pediatric orthopaedic specialists in assigning importance to diagnostic criteria for DDH in young infancy. Consistency was best among criteria related to clinical examination, but none of the consistency estimates reached the recommended standard of 0.70 to 0.80 [2] . The magnitude of regional variation likewise was high, with differences in consistency estimates as large as 0.30 between regions (Fig. 2) . Surgeons in each region appeared to have a concept of the diagnosis of DDH that differed from those used by specialists of other regions. Most consistent were surgeons from Italy, France, and Scandinavia, whose consistency estimates exceeded 0.45, suggesting surgeons of these regions agreed on what they consider important diagnostic criteria. Our study failed to show that regional variation in rating the 37 criteria was statistically significant with the exception of Italy, which showed better consistency (p \ 0.05) than Czech and Slovak Republics (Fig. 2) .
The strengths of this study include the involvement of the most appropriate group of diagnosticians, high response rate, and multinational setting. Because our study focused on diagnostic criteria (as opposed to referral criteria), we included only pediatric orthopaedic surgeons who treat DDH. Our results therefore are applicable to such specialists; these might not generalize to nonspecialists, and, because of the specialist orientation of the group, also might be considered to represent a best-case scenario. However, to test the effect of sampling on the consistency estimates derived in this study, we conducted a separate survey of all professionals of one region, ie, the UK. Consistency was identical in both surveys. We interpret this as evidence that the pattern of data seen in the EPOS-wide survey is representative of all pediatric orthopaedic surgeons in the respective regions, which is supported by a high Cronbach's a. Another strength of this study is that we investigated 37 criteria that 200 pediatric orthopaedic surgeons from 35 countries rated the most important features indicative of DDH in early infancy [23] . It is therefore unlikely our study omitted any important diagnostic features.
To our knowledge, our study is the first to investigate physician attitude, geography, and training backgrounds of diagnosticians as a potential explanation for the wide range of reported prevalence estimates of DDH. The variability identified in our study is in agreement with other studies that showed widely ranging prevalence estimates from 20 to 60 per 1000 [15, 17, 18, 26, 30] . Our study suggests that the differences in prevalence estimates can be attributed, at least in part, to inconsistencies in diagnostic practices.
Of all criteria studied, the participants were most inconsistent about the ultrasonographic criteria; this may be related to the inconsistent evidence in terms of the use of this diagnostic modality [24, 32] . Surgeons in the same region showed considerably stronger agreement on clinical than on ultrasonographic criteria (Table 4 ). Mean differences in ICC estimates greater than 0.20 were observed in eight regions (53%), which we interpret as further evidence that the role of ultrasonographic criteria, even within the same region, is controversial. The results of this study emphasize the need to align diagnostic practices by reference to a feasible set of widely accepted diagnostic criteria. Our study was not designed to determine how accurately pediatric orthopaedic surgeons diagnose DDH using the 37 criteria. This question requires a different methodologic approach and is research in progress. Further research to improve the diagnosis of DDH in early infancy is needed and should focus particularly on the role of ultrasonography and risk factors. Reducing variations in diagnostic practices should help improve the widely differing standards in the management of DDH. Standardized, widely accepted diagnostic criteria that are based on the same concept of DDH need to be formulated and followed. 
